Introduction {#sec1-1}
============

Pressure ulcers, being one of the most important problems for intensive care unit (ICU) patients, are considered as valuable indicators of the quality of treatment services. Bedsore grade one is the most superficial type of skin injury. During this stage, the skin turns red and does not regain its natural color even with the removal of pressure but its integrity remains undamaged and there is no rupture. Proper diagnosis and treatment of ulcers at this stage is very important because if controlled, it can heal within 7 days. Consequently, if it is not quickly diagnosed and treated, the ulcer will develop rapidly and can cause serious damage to the skin.\[[@ref1]\]

Moreover, it is very expensive to treat these ulcers, hence about \$2,200,000,000 is spent annually on the treatment of pressure ulcers in the United States. In Iran, a study by Sari *et al*. found that 24 of the 90 patients (26.7%) in the ICU had pressure ulcers. Clinically, treatment of these ulcers is time consuming hence, for patients with pressure ulcer grade two, on an average, the duration of hospitalization increases by 8 days.\[[@ref2][@ref3]\]

A majority of adolescents develop pressure ulcers within 2 weeks of hospitalization. The onset of pressure ulcer begins 2 hours after motionlessness condition, leading to many health problems for the patient, one of the most important being progress of the ulcer to deeper layers of muscles and skeleton, followed by bacterial infections that are very difficult to treat.\[[@ref3]\] Many factors contribute to the development of bedsores, most notably, severe and prolonged periods of pressure reduce or stop the blood supply, leads to tissue ischemia, and ultimately cell death. Moreover, factors such as fragility, friction, and moisture affect the ability of the tissues to withstand pressure. Also, factors such as the ability to underlie structures of the skin such as blood vessels and collagen are affected.\[[@ref4]\]

Nevertheless, many studies have been conducted by researchers, especially nurses, to treat ulcers using herbal medicine. A study by Malekhosseini *et al*. (2013) showed that aloe vera gel was a good substitute for silver sulfadiazine 1% cream for healing burn ulcers grade two.\[[@ref5]\] According to previous studies, the use of an ointment containing honey, sesame oil, and camphor can help to accelerate the recovery of pressure ulcers in diabetic patients.\[[@ref6][@ref7][@ref8]\]

Olive is another medicinal plant that has attracted the attention of many researchers due to its numerous medicinal properties. In traditional medicine, this herb is used as an antihypertensive, analgesic, antiatherosclerotic, laxative, potentiating, and antipyretic drug.\[[@ref9]\] The antimicrobial and antifungal properties of olive leaf extracts have also been reported.\[[@ref10]\] Olive oil is a major source of fat in the Mediterranean diet, which is associated with a reduced incidence of cancer and heart disease.\[[@ref11]\] Olive oil is also used as a protective agent for sunburn,\[[@ref12]\] psoriasis,\[[@ref13]\] and skin infections.\[[@ref14]\]

Bedsore prevention is a very important aspect in treating critically ill patients. Since access to olive oil is quite easy and cost effective, apart from reducing the pain of patients, and as sufficient studies have yet not been carried out to analyze the effect of olive oil on ulcers; the present study was conducted to evaluate the effect of olive oil in preventing the development of pressure ulcer grade one in ICU patients.

Methods {#sec1-2}
=======

This was a randomized single-blind trial study. The study population included all hospitalized patients in ICU of teaching hospitals of Isfahan University of Medical Sciences including Al-Zahra, Kashani, Amin, Noor, and Ali Asghar admitted in 2016. About 72 patients, older than 18 years of age, with the first stage of bedsore in sacral, shoulder, heel, or other areas and without a history of skin disease or allergy to food and drug or addiction were selected and the consent form was filled by the patients to participate in the study. The patient or his/her family who were not willing to continue with the study or did not follow up successfully, were excluded from the study (no cases found).

After obtaining the code of ethics from the Ethics Committee of Isfahan University of Medical Sciences (IR.MUI.REC.1396.1.198) and obtaining the written consent from the patient or their companion, the patients were divided into two groups of 36 each by using the random allocation software. The basic demographic and clinical characteristics of the patients including age, sex, level of consciousness, smoking, hemoglobin, hematocrit, albumin, systolic and diastolic blood pressure, ulcer position (upper, lower trunk), medical history such as respiratory, heart, psychological, cancer problems and so on and risk of pressure ulcer were recorded. Braden tool was used to assess the risk of pressure ulcer. This tool includes six items of sensory perception, namely, moisture, activity, mobility, nutrition, friction, and shear. The total score on this scale ranges from 6 (highest risk) to 23 (lowest risk).\[[@ref15]\] Previous studies have also validated this scale.\[[@ref16][@ref17]\]

In the present research, for olive oil production, olive fruits were procured from Isfahan province and oil was extracted by using a specialized oiling machine. In addition, after authentication by the botanist of the Agricultural Jihad Research Center of Isfahan Province, a herbarium specimen (HUI 22134) was prepared at the Herbarium Department of the Medicinal Plants Research Center of Isfahan University of Medical Sciences.

In both groups, the bed, mattress, and sheet conditions were designed according to standard of bedsore prevention, and nutrition and excretion conditions of patients were matched in both groups. In addition, pressure ulcer care methods such as changing the position at least every 2 hours was duly performed by the nurses.

In the intervention group, in addition to these care arrangements, 15 ml olive oil was rubbed gently on the wounded area once a day for 30 min without massage and the area was washed with tepid water and the skin dried. During the first, fourth, and seventh day of intervention, the ulcer healing status was assessed using the pressure ulcer scale for healing (PUSH) tool. This tool consists of three criteria; wound surface (length × width), exudate rate, and the tissue type, which are combined to determine the ulcer healing status. A score of zero indicates that the ulcer is healed and a score of 17 indicates the progress of ulcer. This tool has been designed by the International Society for Pressure Sores Consultation and its reliability has been reported to be 97--100% in several previous studies.\[[@ref18][@ref19]\] In addition, skin temperature and ulcer area were measured in the first, fourth and seventh day, using a micro life NC100 infrared thermometer manufactured in Switzerland. In both study groups, two photographs were taken on the first and seventh day, so that the ulcer healing process could be accessed for all individuals and documented.

Furthermore, the nurse performing the intervention had complete knowledge of both the control and intervention groups but the trained nurse, who was referred to assess the ulcer healing status as well as the statistician, did not have any knowledge of both the groups types and therefore, conditions for a single-blinded study was established.

Finally, the data collected data was entered in SPSS software (Ver. 22). Quantitative and qualitative data was presented as mean ± SD and as *n* (%), respectively. At the inferential statistics level, parametric tests such as independent *t*-test, the repeated measures ANOVA (by adjusting the confounding variables including gender, age, body temperature, wound temperature), and the Fisher\'s exact test were used according to results of Kolmogorov-Smirnov test of normality of the data. A significance level of less than 0.05 was considered in all analysis.

Results {#sec1-3}
=======

This study included 17 men (47.2%) and 19 women (52.8%) in the control group (mean age = 57.53 ± 16.32 years) and 19 men (52.8%) and 17 women (47.2%) in the olive oil group (mean age = 57.67 ± 17.25 years) (*P*-value \>0.05). Both groups were similar in other baseline and clinical characteristics \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparing baseline and clinical characteristics of patients between two groups

  Characteristics                 Control (*n*=36)   Olive oil (*n*=36)   *P*
  ------------------------------- ------------------ -------------------- -------
  Sex                                                                     
   Male                           17 (47.2%)         19 (52.8%)           0.814
   Female                         19 (52.8%)         17 (47.2%)           
  Age; year                       57.53±16.32        57.67±17.25          0.972
  BMI; kg/m^2^                    26.85±4.82         25.19±4.82           0.149
  Smoking                         10 (27.8%)         7 (19.4%)            0.498
  Level of consciousness (GCS)    8.53±4.38          10.28±4.56           0.101
  Hemoglobin; g/dl                12.59±1.55         12.84±1.53           0.484
  Hematocrit; g/dl                38.28±4.73         36.73±3.85           0.130
  Albumin; g/dl                   4.07±0.59          4.26±1.05            0.362
  Systolic blood pressure; mmHg   124.36±17.46       120.61±17.84         0.371
  Systolic blood pressure; mmHg   74.25±7.65         72.03±8.35           0.129
  Past Medical History\*          13 (36.1%)         22 (61.1%)           0.136
  Location of wound                                                       
   Upper limb                     27 (75%)           22 (61.1%)           0.249
   Lower limb                     9 (25%)            14 (38.9%)           
  Braden tool (6-23)              13.58±5.50         15.11±4.74           0.211

Data shows mean±SD or *n* (%). \*The history of diseases such as problems in respiratory, cardiovascular systems, mental disease, cancer and so on

There was no significant difference in means of body and ulcer temperatures in both the groups on first, fourth and seventh day of treatment (*P*-value \>0.05) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparing means of body and ulcer temperatures between two groups

  Temperature         Control (*n*=36)   Olive oil (*n*=36)   *P*^1^
  ------------------- ------------------ -------------------- --------
  Body temperature                                            
   First Day          37.18±0.86         37.30±0.59           0.515
   Fourth day         37.15±0.51         37.07±0.46           0.501
   Seventh day        37.18±0.66         37.34±0.87           0.386
   *P*^2^             0.948              0.039                
  Ulcer temperature                                           
   First Day          37.41±0.86         37.39±0.61           0.875
   Fourth day         37.31±0.52         37.19±0.49           0.291
   Seventh day        37.38±0.72         37.45±0.96           0.701
   *P*^2^             0.681              0.100                

Data shown mean±SD, 1: Significant level of independent sample *t* test, 2: Significant level of repeat measure ANOVA

On contrary, mean of ulcers\' area in both groups showed no significant difference on the first day (*P*-value = 0.093) but on fourth and seventh day, the mean in the olive oil group (16.70 ± 16.01 and 11.72 ± 16.62) was less than those in the control group (44.75 ± 46.92 and 46.76 ± 48.34) (*P*-value \< 0.001). Moreover, the areas of ulcers showed a significant reduction in the olive oil group for seven days but no changes were observed in the control group (*P*-value = 0.719) \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparing the mean score of Area of pressure ulcers between two groups

  Area of pressure ulcers   Control (*n*=36)   Olive oil (*n*=36)   *P*^1^
  ------------------------- ------------------ -------------------- ---------
  First Day                 43.22±43.95        28.75±25.71          0.093
  Fourth day                44.75±46.92        16.70±16.01          0.001
  Seventh day               46.76±48.34        11.72±16.62          \<0.001
  *P*^2^                    0.719              \<0.001              

Data shows mean±SD, 1: Significant level of independent sample *t*-test, 2: Significant level of repeat measure ANOVA

The evaluation of mean scores of pressure ulcer (using PUSH tool) on first, fourth and seventh day showed no significant difference on first day (*P*-value = 0.533) but mean scores of pressure ulcer were considerably lower in the olive oil group (7.50 ± 2.823 and 5.44 ± 3.806) than those in control group (9.50 ± 1.732 and 8.83 ± 2.864) (*P*-value \< 0.001). Later during those 7 days, significant improvement of ulcer was observed in the olive oil group (mean difference = 3.56; *P* value \<0.001) but no change was found in the control group (mean difference = 0.75; *P* value = 0.052) \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparing the mean score of pressure ulcer using the PUSH tool control and intervention groups on different days

  Pressure ulcer score measured by the PUSH tool   Control (*n*=36)   Olive oil (*n*=36)   *P*^1^
  ------------------------------------------------ ------------------ -------------------- ---------
  First Day                                        9.08±1.422         9.00±1.242           0.533
  Fourth day                                       9.50±1.732         7.50±2.823           \<0.001
  Seventh day                                      8.83±2.864         5.44±3.806           \<0.001
  *P*^2^                                           0.052              \<0.001              

Data shows mean±SD, 1: Significant level of independent sample *t*-test, 2: Significant level of repeat measure ANOVA

Discussion {#sec1-4}
==========

The results of the present study showed that the mean of the ulcer area and mean score of the pressure ulcer did not differ significantly between the two groups by using the PUSH tool on the first day but on the fourth and seventh day after the intervention, the ulcer healing status in the group receiving olive oil was significantly better than the control group, both in terms of wound area and PUSH criteria.

Similar studies by Alto Costa *et al*. (2016)\[[@ref20]\] showed that olive oil consumption decreased the level of hydroperoxide lipids and thereby healed the pressure ulcers. Lupiáñez-Pérez *et al*. (2013)\[[@ref21]\] also confirmed that using olive oil as a cheap product can be effective in preventing pressure ulcers in patients. In addition, Peimard *et al*. (2016) studied the effect of topical olive oil in prevention of bedsores thereby demonstrating that use of topical olive oil was effective in the prevention of bedsores.\[[@ref22]\]

In this regard, it can be said that olive oil is probably effective to accelerate wound healing due to its essential fatty acids and stimulation of epidermal cell proliferation. Phenolic compounds in olive oil have antimicrobial, anti-inflammatory, and antioxidant properties.\[[@ref23]\] Due to its antioxidant, antimicrobial, and anti-inflammatory properties, olive oil probably increases the tissue coverage thereby accelerating the ulcer healing. Rosa *et al*. (2014) showed that consumption of olive oil caused an increase in tissue recovery in the stressed rats.\[[@ref24]\] Another study showed that topical application of olive oil significantly increased the regeneration of the burned tissue in rats in comparison with sulfadiazine.\[[@ref25]\] The above reports were in accordance to results of the present study.

Moreover, in the present study, the mean of local temperature of the ulcer on the first, fourth, and seventh day was not significant between the two groups. Also, there was no significant difference between the mean temperatures of the local area of the ulcer by passing seven days.

In this regard, the European Pressure Ulcer Advisory Panel (2009) stated that the skin should be examined in terms of temperature, edema, or stiffness, especially in dark-skinned people, to detect pressure ulcer. Factors such as temperature, edema, and stiffness cause pressure ulcers, although it is not always possible to see the signs of such ulcers or redness in dark-skinned people.\[[@ref26]\] Hence, it can be said that the increase in the local temperature of the ulcer indicates the development of a pressure ulcer.

One of the study showed that the mean body temperature was 37.2°C in bedsore patients and 37°C in those not developing bedsore; this shows no significant correlation.\[[@ref27]\] Braden and Bergstrom (1992) concluded in their study that the body temperature was also high in patients with a pressure ulcer.\[[@ref28]\] As the results showed, the average local temperature of the ulcer in both groups on day 1 and 7 was higher than the mean of the forehead temperature, indicating the risk of pressure ulcer development at the site.\[[@ref29]\]

Thus, according to the above effect of olive oil on the improvement of pressure ulcer grade one and considering the results of this study, clinically it can be stated that olive oil has been able to reduce the area of ulcer and prevent its progress to higher stages.

In conclusion, the strong point of the present study was controlling the confounding factors such as age, gender, body temperature, ulcer temperature, and ulcer location during assessing the ulcer area, healing condition, and pressure ulcer score. Therefore, the present study shows the effective role of topical use of olive oil on healing these ulcers. Further to improve and complete the present study, we can evaluate different doses of olive oil on healing and improvement of ulcer and also compare the effect of this oil on different stages of bedsores.

Conclusions {#sec1-5}
===========

According to the results of this study, the mean area of pressure ulcer in the olive oil group was less than that in the control group after 7 days and the mean score of the PUSH tool decreased in the olive oil group, indicating a favorable recovery process of the ulcer, a positive effect on the reduction of ulcer area, and ultimately prevention of the progression of the ulcer to higher stages. It is further recommended to conduct this study on other populations including patients with underlying diseases. Moreover, it is suggested to use olive oil in the treatment of this type of ulcers in view of its easy availability and low cost.
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